and store of value. Finally, many authors define currency substitution as a situation in which domestic money demand is influenced by foreign economic variables.
Another term that has been subject to different interpretations is dollarization. Throughout the 1980s, it was common to treat the terms "currency substitution" and "dollarization" as indistinguishable. Both terms described a situation where local residents demand dollars.
This misunderstanding follows perhaps from the fact that most of the studies of currency substitution in the 1980s were focused on Latin America, and it is well documented that the substitution of currencies in Latin American countries favored the U.S. dollar. Currently, the term dollarization is also used to describe the replacement, by monetary authorities, of the national currency by the dollar as legal tender.'
While there exists a good theoretical understanding of the implications of having two monies, the empirical consequences are still an open issue. It is commonly believed tlhat allowing a foreign currency to coexist with the domestic one provides the opportunity for greater domestic intermediation, promotes financial sophistication by increasing the number of available assets, and increases credibility by raising the cost of monetary indiscipline. Furthermore, the rapid development of foreign currency-denominated operations in the banking system affects the stability of monetary aggregates, the dynamics of exchange rates, and government revenues from seigniorage. 2 Specifically, the higher the demand elasticity of substitution between monies, the larger the shift from foreign to domestic currency as a result of the fall in expected inflation, and thus the higher the fall in the nominal exchange rate. Currency substitution also reduces monetary independence, which may then endanger the ability of central bankers to implement stabilization programs. Finally, currency substitution lessens the central bank's ability to act effectively as a lender of last resort.
The purpose of this paper is to determine empirically the causes and significance of currency substitution in Latin America, as well as to explore some of its macroeconomic consequences in the last decade. Using panel data for thirteen Latin American countries from 1990 to 1998, we estimate a static (one-period) portfolio balance model, where optimal bank deposits denominated in both local currency and dollars are chosen simultaneously. Our results reveal that the dollar deposits to broad money ratio is strongly influenced by depreciation expecta- ' In the current debate of adopting the dollar as legal tender, a new distinction has developed: unilateral full dollarization, meaning a country adopts the U.S. dollar on its own, versus the unlikely but theoretically feasible multilateral agreement of an economic block with the U.S. dollar as the common currency. 2 A good discussion of seigniorage losses due to the adoption of a foreign currency is provided in Fischer (1982) .
3 tions of the domestic currency and the level of income. Using longer time series for a subset of three countries, we find that the probability of a banking crisis contemporaneously decreases with the degree of currency substitution. Once in a banking crisis, however, the higher the degree of currency substitution, the higher the probability of a future crisis. Finally, we find that volatility in macroeconomic aggregates linked to the financial system increases with the degree of currency substitution.
Currency Substitution in Latin America
During the last three decades, currency substitution -partial dollarization-has been an important phenomenon in several Latin American countries. The process began in the early 1970s fueled by financial reforms. As capital and foreign exchange controls were lifted, the US dollar began to gradually replace local currencies in the domestic citizens' portfolio. In several countries the observed pattern has been as follows; the dollar has first been used as a store of value as residents maintained increasing portions of their wealth in dollar-denominated assets in order to avoid possible losses brought by macroeconomic instabilities. The dollar has then been used as a unit of account, mainly in the real estate sector, where prices have increasingly been quoted in dollars as a way to differentiate between changes in relative prices and changes in overall inflation. And finally the dollar has been used as medium of exchange.
Today many transactions in several Latin American countries are actually carried out in dollars. Figure 1 shows the evolution of the partial dollarization phenomena in Latin America during the last decade. Currency substitution, however, has not been widespread across the region. While in some countries like Brazil, Chile and Venezuela currency substitution has not been a significant phenomenon, in others, such as Bolivia, Uruguay and more recently Ecuador, dollar deposits have been a very important component of monetary aggregates (see Figure 2 , 3, 4 and 5). Moreover, we find Panama, and more recently Ecuador, where the dollar has been adopted as legal tender.
The corresponding empirical literature on currency substitution has primarily focused on the study of its main determinants. In general, several measures of macroeconomic instability have been used as explanatory variables -proxies for the expected depreciation being the most commonly used-in reduced money demand equations that allow for holdings of foreign currency. Throughout the literature we find several case studies: Ortiz (1983) that have tried to explain FCDs using the theory of optimal portfolio composition. TwNo possible hypotheses have been provided. The first one is given by Guidotti and Rodriguez (1991) .
They conclude that dollarization in Latin America has been characterized by hysteresis. That is, once domestic residents substitute part of their monetary holdings with dollars, it is costly for them to return to the local currency, even after domestic inflation decreases. The authors claim that agents will only switch back to the domestic currency if the expected value of domestic money balances exceeds the cost of doing so, something that has rarely happened in Latin America. Consequently, they argue that the degree of dollarization in Latin America depends not only on changes in the rate of inflation but also on its level. The second hypothesis is proposed by Clements et al (1992) . They argue that episodes of high inflation will remain in the memory of domestic residents for long periods and are assigned more weight in comparison to episodes of low inflation. Therefore, they maintain that several lags have to be used when regressing inflation against dollarization.
Finally, institutional arrangements also need to be considered when studying currency sub- Additionally, in order to take into account the increasing openness of Latin American economies during the 1990s, we consider two additional assets: foreign and domestic bonds.
As financial markets further develop the number of available assets increases, thus affecting the agent's portfolio decision.
Consider the following standard money demand equations
(1)
where m d and mnft denote the real demand for deposits by domestic residents in country i at time t in local and foreign currency, respectively; Yit is the national income in country i at time t; Ijdt is the domestic interest rate in country i at time t; and If represents the interest rate paid on deposits in U.S dollars in country i at time t. Subtracting equation (1) from (2), we obtain the following expression
If we further assume that the uncovered interest parity condition holds in every country 3 - i.e, Id=If +k Vi, t, where E is defined as the expected appreciation of the domestic currency against the U.S dollar-, we can write equation (3) as follows
Notice that if we now define the ratio Rt = mft/(mft + mdt) and broad money in real terms
where R is the ratio of foreign money to broad money.
Combining equations (4) and (5) and allowing country-specific frictions in the uncovered interest parity condition, i.e. it = + Eit + Eit, we derive an estimable money demand
Equation (6) suggests that the substitution of domestic currency by foreign currency can be partially explained by the expected appreciation of the domestic currency against the U.S dollar. Notice that if the two demands for money, domestic and foreign, are identical then the coefficients should be statistically equal to zero. Therefore, any departure of the estimates from zero captures the frictions that agents face when making the portfolio decision, demonstrating that the different monies are not identical. 4 Alternatively, our specification can be interpreted as a binary choice model where agents have only two options when depositing their savings: domestic currency or dollar denominated accounts. Notice that if we define the right hand side of equation (6) as XO, and we define
it is possible to recover our specification. R then can be interpreted as the probabi:lity of depositing funds in a U.S dollar denominated account (D=1), while 1 -R can be interpreted as the probability of depositing funds in a domestic-currency-denominated account (:D=O).
Accordingly, the coefficients of the explanatory variables of equation (6) can be interpreted as the marginal effects on the probability of depositing money in a dollar-denominated account.
Data and Estimation Results
The data for this study are drawn from several sources: the 1999 International Financial Statistics (IFS) published annually by the International Monetary Fund (IMF), Levine, Loayza
and Beck (1998), Caprio and Klingebiel's (1999) data set, and several central banks.
The countries included in the study are Argentina, Belize, Bolivia, Costa Rica, Dominica, Ecuador, El Salvador, Honduras, Mexico, Nicaragua, Paraguay, Peru and Uruguay. Due to data limitations we concentrate on the 1990-1998 period. 5 The resulting sample has 117 observations (13 countries, 9 years).
The variables used in the estimation of equation (6) were calculated as follows. The ratio of FCDs to domestic currency deposits measured at the end of the period was obtained from the IFS, from some central banks, and from the IMF Western Hemisphere Department. 6 The nominal GDP per capita was computed by dividing the nominal value of GDP by total population and then multiplying it by the end-of-period exchange rate. 7 The interest rates were proxied by the deposit rates reported by the IFS. Finally, the proxy used for expected appreciation was calculated by subtracting the U.S. gross rate of inflation from the domestic gross rate of inflation. The summary statistics for the sample are presented in Tables 1 and   2 .
Although each country shows important peculiarities, some stylized facts can be derived.
The first important thing to notice is that the dollarization ratio has been, in general, steadily increasing over time. While in 1990 the average ratio for these countries was 0.23, in 1998 rose to 0.37. A second interesting fact is that this increase comes in a period when the inflation rate has demonstrated a dramatic decrease. In 1990 the average inflation rate for the thirteen countries was 1,353% (315% without counting the hyperinflation episodes of Argentina, Nicaragua and Peru); in 1998 this figure was 10%. This fact supports the idea that the dollarization process in Latin America follows a hysteresis process, since the optimal portfolio theory would predict a return to the domestic currencies once their expected value increases with lower inflation differentials. In fact, Figure 1 shows that the inflation differential 5 Although information on most monetary and macroeconomic variables is available since 1970 for all countries, we could only obtain data on FCDs for all these countries for the nine years. 6 FCD include all dollar denominated bank accounts including domestic and foreign banks. 7 These variables were obtained from the IFS.
8 and the dollarization ratio tend to move in opposite directions when inflation is decreasing.
The results of our partial dollarization exercise are presented in Table 3 . As expected, the coefficient of expected appreciation is negative and significant, corroborating the hypothesis of currency substitution being dependent on expected relative returns between currencies.
Notice that the foreign interest rates for the period in consideration have been relatively stable which accentuates the correlation between E and Id. The coefficient of income is positive and significant: high-income economies tend to have a higher degree of currency substitution. A possible explanation is given by Chang (1994) where postulates that access to dollar-denominated accounts is reserved to wealthy agents. In Latin America, there are usually some fees associated with these type of accounts. Consequently, one would tend to believe that only high-income people can afford to deposit in foreign currency. Finally, although a negative coefficient was expected for the domestic interest rate, this turned out to be positive, though not significantly different from zero.
In order to check the robustness of our specification when studying currency substitution,
suggested by equation (6), we run several auxiliary regressions. We first estimated the fixedeffects and the random-effects models and compared their estimates. Usually with small samples such as ours, the magnitude, sign and significance of the estimates vary widely from one specification to the next. However, our model has similar estimates and significance levels, suggesting a robust specification (see Table 3 ).8 Theoretically speaking, we are only interested in the fixed-effects panel since we are not randomly drawing countries from our sample. In order to statistically test that the fixed effects specification is the preferred one, we performed the Haussman specification test. Table 3 reports the Haussman statistic used to test the validity of the fixed-effects versus the random-effects model. The null hypotheses is accepted at 95% of significance.
We also considered the possibility of endogeneity for some of the regressors. Since the model comes from a partial equilibrium model we assume income to be exogenous. The possible endogenous variables in the model are the real interest rate and expected appreciation.
Using one-period lagged values as instruments for each of these two variables, the Haussman endogeneity test was performed. The critical statistical values for the interest rate and expected appreciation are 2.02 and 0, respectively. 9 Consequently, we reject the endogeneity of 8 In order to check that our results do not depend on superfluous (non-significant) explanatory variables, we excluded them from the regression and found that the sign and significance level corresponding to the rest of the variables describing the dollarization phenomena did not substantially change (see Table 4 ). 9 The actual statistic was -0.20, as is in the case whenever the variance-covariance elements are very close 9 these regressors at 95% of significance. Unfortunately, since our data set is fairly small, the Haussman test has not much power.
Finally, if the theory is to have any validity, any deviation in the demand for money must be necessarily temporary. Hence a key assumption of the theory is that the errors are stationary. We checked for cointegration by studying the residuals from equation (6) and found that they are indeed stationary. However, the significance of this test should not be considered conclusive since we only have nine residuals.
After considering all of the auxiliary regressions, we conclude that our specification is fairly robust, explaining the relative movements between dollar and domestic-denominated accounts. There seems to be consensus that the effect that currency substitution may have on the banking system is ambiguous. On the one hand, a high level of dollar deposits in an economy in which the dollar is used as a store of value but not as a medium of exchange will result in higher exchange rate risk in banks' balance sheets, since these banks will take deposits in dollars but will typically lend in domestic currency.'" On the other hand, a system that allows the coexistence of domestic currency deposits and FCDs can help prevent a capital outflow by increasing the buffer that banks have, increasing their ability to absorb bad shocks. In this section we will try to determine which effect dominates.
As preliminary evidence, we investigate how the probability of a banking crisis is influenced by the degree of dollarization in the economy. Using the Caprio et al (1999) database which reports the banking crises for a large set of countries, we can then calculate the probability of a banking crisis for all the countries in our study given a certain level of dollarization.
In order these conditional probabilities, we then divide our sample between high andi low dollarized economies." 1 We then find that the probability of a banking crisis, of any kind, increases with the degree of dollarization. In particular, the probability of a banking crisis
given that the economy is highly dollarized is 0.381. On the other hand, if the economy is not highly dollarized the probability of a banking crisis is 0.130. We then investigate how the degree of dollarization affects the nature of a banking crisis. Using Caprio's classification and considering all the countries in our study, we compute the probability of having a severe banking crisis given a certain degree of dollarization." 2 We find that the probability of a severe banking crisis increases with the degree of dollarization, presumably because of higher exposure. In particular, the probability of a severe banking crisis given that the economy is highly dollarized is 0.302. On the other hand, if the economy is not highly dollarized the probability of a severe banking crisis is 0.130. Note, the probability of having rmajor banking problems in a highly dollarized economy is roughly three times larger than in a mildly dollarized economy.
In order to present stronger evidence, it is necessary to introduce additional controls.
Following Demirgiuc-Kunt and Detragiache (1998), we consider a multivariate logit specification. This approach can identify a number of interesting correlations. However, since we are "This may weaken the Central bank's ability to be an efficient lender of last resort. 1 When the average is above 30% for the period 1990 to 1998, the economy is classified as highly dollarized. This classification is suggested by Balinio, Bennett and Borenstein (1997). The presence of individual effects in panel data complicates the estimation of any limited dependent variable model, since the fixed-effects can not be consistently estimated for a fixed number of observations. In order to avoid this problem we may consider a limited dependent variable model for each country. Unfortunately, due to data limitations, this alternative can only be studied for a subset of countries. 13 Within a macroeconomic framework, previous work on banking crises has not systemat--ically addressed the issue of persistence. Some authors ignore the issue altogether, others consider observations up to the first crisis, and finally some studies introduce the length of the crisis as an indicator of persistence. We propose a more formal framework that will allow us to study the effect of a previous crisis by considering a two-stage Markov process. In other words, we allow for the possibility that the previous outcome may affect future crisis. 1 4 As a result, we consider the following conditional probability,
P(YtlYt-1) = F(Xto + XtYt-la)
where P(YtlYt-1) is the probability that a banking crisis takes place given what happened in the previous period, F is the logistic distribution function, Xt is the set of explanatory variables, and , and a are the parameters to be estimated. This conditional probability can be thought of in terms of the following Markov transition probabilities
If shocks to the banking system persist, we expect that the predicted probabilities for Pi, to be greater than Po, whenever we have two consecutive crises. Unfortunately, the information set on which we condition the probabilities is restricted, since there exists high correlation among the XtEYt-variables.' 5 Therefore, the Markov transition probabilities are restricted to the interaction between the degree of currency substitution and the past banking crisis.
Furthermore, due to data limitations we consider one control at a time. The variables we ' 3 For the majority of the countries in our panel, long time series on dollar accounts are not available.
"See Amemiya (1997) for a complete discussion on Markov processes. ' 5 Since we have a small data set, the correlations among the XtYt-, are greater than the correlations among the Xt's because of reduced variance among the variables.
control for are: the growth rate of GDP, the real interest rate (RIR), the growth rate of exports (EXP), the growth rate of inflation (INF), the growth rate of industrial output (OUT) and the growth rate of private credit (PRC). The transitional probabilities were estimated separately for Bolivia, Mexico and Peru. 6 The estimation results are presented in Tables 5, 6 and 7.
Our estimates show that banking crises are persistent over time. The corresponding predicted probabilities for Pl 1 in all cases are much larger than Po,, always predicting the event of two consecutive crises. Furthermore, the coefficient corresponding to the persistence effect is always positive and significantly different from zero at the 95% level. The effect of the contemporaneous degree of currency substitution is always negative, although it is not significant in all models. On the other hand, the degree of currency substitution in the previous period is always positive and statistically significant. This evidence suggests that the higher the degree of currency substitution today, the lower the probability of a banking crisis today. High dollarization may increase intermediation, thus increasing the response of the banking system in the event of a bad shock, stopping the outflow of capital. On the other hand, once the crisis has occurred, having more dollar-denominated deposits in the banking system increases the probability of a longer crisis in the future, which may correspond to increasing exchange rate exposure in an already weak banking system.
In order to check the robustness of the persistence phenomena, we considered an alternative specification:
where 77 captures the significance of persistence when describing the probability of a banking crisis.
As in the previous case, our results show that banking crises have a strong component of persistence. In all models, the persistence effect is positive and statically significant at 90% confidence levels. Similarly, the contemporaneous degree of currency substitution is always negative and is significant in some models. The estimation results for Bolivia, Mexico and Peru are presented in Tables 8, 9 and 10, respectively.
"In order to capture periods in which FCD were prohibited we introduce a dummy called FORCED. 13 
Currency Substitution and Volatility
According to many authors, from Keynes to Friedman, interactions between the conduct of monetary policy and the financial system create considerable scope for endogenous volatility and indeterminacy. In particular, in order for agents to transact with fiat money they must have beliefs about its future exchangeable opportunities, thus allowing room for endogenous volatility. Azariadis (1981) in his classic paper of self-fulfilling prophecies showed that the possibility of sun spot equilibria allows for endogenous fluctuations. Following this argument, introducing another asset -dollar-denominated deposits-into the financial system may induce higher volatility in the macroeconomy.
There are several theoretical models in which the interaction of fiat money and the financial system yields endogenous volatility. This class of models is usually characterized by the rate of return dominance on fiat money, as well as frictions in the economic environment where complete insurance is not possible. For example, Bencivenga, Huybens and Smith (1998) study which policy is "best" for maintaining a constant price level in an open economy. 17 Indeterminacies and endogenous volatility that arise in a nonstochastic model have important consequences because they give us information on how exogenous shocks are transmitted through the economy. Furthermore, if agents are risk averse any policy that reduces volatility, other things equal, will result in a welfare improving situation.
In terms of policy advice, the effect of volatility on macroeconomic aggregates is of paramount importance for a large number of Latin American countries. Many of these countries have adopted stabilization programs designed by the IMF and World Bank that require the targeting of certain macroeconomic variables. Theoretically speaking, there is not a clear understanding of the general equilibrium effects of certain targeting policies. As a result, it would be better to target aggregates that are less volatile.
The previous literature on currency substitution has not provided much empirical evidence linking the degree of dollarization and volatility. The studies that have addressed the issue focus on money demand and money multipliers. Balifio et al (1997) argue that money demand appears to be more volatile in highly dollarized economies, since the coefficient of variation on the velocity of money is markedly higher than that of moderately dollarized economies. They find mixed evidence with respect to the volatility of the money multiplier.
In this paper we attempt to provide additional evidence linking volatility and dollarization.
In particular, we explore the effects of dollarization on volatility across countries. The measure of volatility we use for each variables is defined as its standard deviation divided by its mean, so cross-country comparisons can be made. The level of dollarization was proxied by the mean of the ratio of FCDs to broad money." 8 As preliminary evidence we computed the correlations between the degree of dollarization (R) and broad money (BM), the exchange rate (EXC), per capita GDP, real interest rates (RIR) and the inflation rate (INF). Our results confirm that volatility increases as the degree of dollarization in the economy rises. Furthermore, the correlations range from 0.43 for broad money to 0.31 for per capita GDP. The correlations corresponding to several macroeconomic variables are reported in Table 11 .
Unfortunately, our sample is very small; we just have 13 observations (one for each country) therefore we do not have a robust statistic to test our null hypothesis. In order to avoid the small sample problem, we performed several bootstraps. We randomly choose 13 pairs from our original data set and compute the corresponding correlation repeating the process a thousand times.' 9 As a result, we get an empirical distribution of the resulting correlations.
We then use the empirical distribution to statistically test the null hypothesis that higher dollarization is associated with higher volatility.
Our results reveal that the variables most closely linked to the banking sector (interest rates and inflation) have a statistically positive correlation with the level of dollarization at the 90% level. 20 The characteristics of the empirical distributions corresponding to the bootstrap correlations are presented in Table 12 . This may suggest that some volatility arises whenever the economy becomes more dollarized, although our test does not indicate the direction of causality. Therefore, having a highly dollarized economy may make the targeting of monetary aggregates a rather difficult task.
Conclusions
In this paper we study how agents in Latin America allocate their balances between dollar-and domestic-denominated accounts. In particular, we show that the relative movements between these accounts are explained by devaluation expectations of the local currency and GDP. As a "Therefore, our data set consists of thirteen observations, one for each country. " 9 The pairs consisted of the degree of dollarization and the measure of volatility for each macroeconomic variable under study.
2 0 Since the inflation rate was computed using the CPI and most of the goods in the basket are purchased using local currency the volatility of the price level may be accentuated.
result, we are able to demonstrate that depositors in Latin America do face some uncertainty and frictions when making their portfolio decisions.
We also explore some of the macroeconomic consequences of a dollarized economy. In particular, we find that past banking crises are good predictors of future crises. Our findings suggest that an increase of dollarization today is associated with a contemporaneous decrease in the probability of a banking crisis. In other words, having a highly dollarized economy increases intermediation, thus increasing the response of the banking system in the case of a bad shock which halts the outflow of capitals. On the other hand, once the crisis has occurred, having more dollar-denominated deposits in the banking system increases the probability of a longer crisis in the future, because it increases exchange rate exposure in an already weak banking system. 1991 1992 1993 1994 1995 1995 1997 1998 Figure 1: Aggregate degree of dollaxization and inflation rate differential for the region. 
